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Abstract 
A novel coupling of two three-contact parallel-field Hall devices, ensuring almost full offset compensation and doubled output 
voltage at an increased signal-to-offset ratio is presented. The two silicon Hall elements are coupled as follows - the two pairs of 
outer contacts are connected via two load resistors of equal value converting simultaneously the current changes in a magnetic 
field into Hall voltage. Since the currents in both structures are opposite, the Hall voltages are equal in value but of opposite sign. 
At fabrication of the devices on the same silicon chip, the two offsets are almost equal and their temperature drifts are perfectly 
matched. The sensor output signal results from subtraction of two device output voltages using circuitry with three op-amps. The 
residual offset is about 150 times smaller than the internal ones. The obtained output voltage-to-residual offset ratio at channel 
magnetosensitivity of 76 V/AT is very promising, reaching 7x103. 
© 2014 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the scientific committee of Eurosensors 2014.  
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1. Introduction 
The offset in Hall microdevices is frequently a small voltage will appear on the Hall contacts in the lack of a 
magnetic field. This drawback changes the sensor output in an unpredictable way. Also, it has a temperature drift. 
The origin of the offset is connected most probably with crystal damage, mechanical stress, tolerance of geometry – 
misalignment of Hall terminals, nonuniform temperature distribution in the substrate, thermoelectric voltage across 
the Hall contacts, noise generation etc. The accurate offset value may be obtained only in an absence of a magnetic 
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field. These disadvantages seriously impede the measuring accuracy. The overcoming procedure requires complicated 
and costly calibration techniques. The most common solutions for removing these problems are very complicated, and 
do not match the simplified Hall device and its transduction principle [1- 4]. This paper suggests a novel coupling of 
three-contact (3C) in-plane magnetosensitive Hall devices ensuring simple and reliable static offset cancellation 
technique. 
2. Offset compensated setup and principle of operation 
The n-Si Hall devices setup is shown in Fig.1, including both coupled 3C Hall sensors themselves – sensor 1 and 
sensor 2, shown in cross-section, and signal conditioning electronics. Top-view of the Hall devices is presented in 
Fig.2.  
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Fig. 1. Schematic cross-section of 3C in-plane sensitive Hall devices with the novel coupling circuitry.  
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Fig. 2. Top-view of two identical 3C in-plane magnetosensitive Hall devices. 
 
The planar contacts ɋ1, ɋ2, ɋ3 and ɋ4, ɋ5, ɋ6 of sensor 1 and sensor 2 respectively, are equidistant from each 
other on the top surface of the silicon chip. The planar contacts ɋ1 and C4 and ɋ3 and ɋ6, respectively, are connected 
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via two load resistors of equal value R1 and R2, with R1 = R2 >>Rint, where Rint is the internal structure resistance. 
The middle contacts C2 and C5 are fed to the power-supply, Fig. 1. In the absence of magnetic field, initially the 
current paths IC1,2, IC2,3, IC4,5, IC5,6 under equipotential highly doped n+ contacts ɋ1, ɋ2, ɋ3 and ɋ4, ɋ5, ɋ6 are vertical, 
further they are parallel to the upper  surface. In the presence of magnetic field ȼ > 0, parallel to the substrate plane, 
a Lorentz force acting on all charge carriers appeared: FL = q.Vdr x B, q being electron charge. The action of the 
Lorentz force on the vertical and lateral components of drift velocity Vdr depends on the directions of B, and currents 
IC1,2, IC2,3, IC4,5 and IC5,6. Due to the force FL, the trajectory of the carriers either shrinks towards the upper surface 
with ohmic contacts, or expands to the bulk of the n-Si substrate. As a result, on the top surfaces of both 
microsensors, additional negative or positive charges are generated. The resulting Hall field EH counterbalances the 
Lorentz force FL, FL = q.EH. Resistors R1 and R2 convert the current changes into output voltages through contacts 
ɋ1-ɋ4 and C3-C6, when ɚ magnetic field B parallel to the substrate planes is applied. In this way, between the output 
terminals ɋ1 - ɋ3 and ɋ4 – ɋ6 of sensor 1 and sensor 2 respectively, Hall voltages VH1 and VH2 appear. The operation 
principle and the advantages of the devices from Fig. 1 and Fig. 2 is explained in [4-6].  
With this coupling of Hall sensors, the directions of the currents in both devices are opposite, therefore the Hall 
voltages posses opposite polarity. The offsets of the Hall elements are expected to be almost equal and with the 
same sign, if implemented in close vicinity into the substrate. The Hall voltage must be doubled and the residual 
offset should be reduced drastically, if both output sensor signals Vsens1 and Vsens2 are subtracted from each other. To 
do this, both differential sensor outputs are connected to the differential-input amplifiers A1 and A2. The novel 
coupling is achieved by hybrid realization, using precise instrumentation amplifiers as discrete electronic 
components. The dual-channel AD8222B which maintains a minimum CMRR of 80 dB, with its high accuracy of 
20 ppm maximum gain nonlinearity, low offset voltage of 60 ȝV max, 0.3 ȝV/°C maximum input offset drift, low 
input bias current of 1.0 nA max, and low noise, is ideal for use in precision data acquisition systems like this 
application. The AD8222 is a dual-instrumentation amplifier in the small 4 mm × 4mm LFCSP. It requires the same 
board area as a typical single instrumentation amplifier. The smaller package allows a 2× increase in channel density 
and a lower cost per channel, all with no compromise in performance. The AD8222 operates on both single and dual 
supplies and only requires 2.2 mA maximum supply current for both amplifiers. It is specified over the industrial 
temperature range of í40°C to +85°C and is fully RoHS compliant. To realize the above described offset 
cancellation technique properly, both amplifiers A1 and A2 must keep identical gains as much as possible. The 
AD8222 defaults to G = 1 when no external gain resistor is used. The tolerance and gain drift of this resistor should 
be added to the AD8222’s specifications to determine the total gain accuracy of the system. When the gain resistor 
is not used, gain error and gain drift are kept to a minimum. That's why, for both A1 and A2, we choose identical 
gains G = 1 with no external gain resistor. In such case, the gain error is 0.02% only. The output voltage of A1 is 
Vout,A1= G1Vsens1 = G1(VH1 + Voffset1) and the output voltage of A2 is Vout,A2= G2Vsens2 = G2(VH2 + Voffset2), where 
G1=G2=1. For subtracting operation, A3 is used. For this purpose, we choose the precise instrumentation amplifier 
AD8422BRZ. The output voltage of A3 is Vout,A3= G3(Vsens1 - Vsens2)=G3(VH1 + Voffset1 - VH2 - Voffset2). As VH1 ~ - VH2 
and Voffset1 ~ Voffset2, we may write down Vout,A3= G3(2VH ± Vres), where Vres is so-called residual voltage, which is 
considerably less than Voffset1 and Voffset2. 
3. Samples and experimental results 
The 3C Hall devices prototype is designed by a part of the fabrication steps generally used in a bipolar integrated 
process with four masks [7]. The n-Si low-doped wafers resistivity is ȡ § 7.5 ȍ.cm (n ~ 1015 cm-3). The width of the 
rectangular p-well surrounding rings is about 30 ȝm. The inner n-Si zones possess the size 70 x 100 ȝm2, 
dimensions of ohmic n+-n regions are 10 x 50 ȝm and distance between them is 25 ȝm (on the mask). The 
experimental error exceed no more than 2 %. 
The obtained experimental results are shown in Fig. 3. The dependencies VC1,3(B) and VC4,6(B) are presented in 
Fig. 3 (a). The supply current is as a parameter. The preliminary offsets are compensated in advance. The channel-
magnetosensitivites are equal, opposite in sign, reaching SR § 76 V/AT. The device sensitivity at amplification gain 
G = 1 reaches SR § 150 V/AT. The offset temperature behavior VC1,3(0,T), as well as the residual offset Vout,A3(0,T) in 
temperature range  -10  T  80 °C are shown In Fig. 3 (b). The ratio K = Vout,OA3(B)/Vout(0) at T=20 ºC and a supply 
current IC2 = IC5 = 2 mA is about 7x103, the amplification gain is G = 1. The offset Vout,A3(0) is about 150 times less 
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than the individual ones.  
 
 
Fig. 3. (a) The output characteristics VC1,3(B) and VC4,6(B); (b) Temperature dependences of the initial offset VC1,3(0) and residual offset Vout,OA3(0).  
4. Conclusion 
The novel sensor coupling of three-contact in-plane sensitive Hall devices fabricated on the same chip reveal a 
new possibility for drastically offset reduction simultaneously with transducer efficiency increase. The conditioning 
circuitry is simple, containing three op-amps. The conversion of differential current changes into Hall voltages in the 
elements with the field B is achieved by two load resistors only. This solution presents a versatile multifunctional 
microsystem. The simplicity and reliability of the proposed offset cancelation technique, as well as the promising 
experimental results show that it may be suitable for many industrial applications.  
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